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Abstract
Earlier it has been supposed that the law of conservation of energy for
chemical reactions has the following form:
dU=dQ-PdV+
i
å midNi
In [1-6] it has been shown that for the biggest part of reactions it mu t have the
following form:
dU=dQ+PdV+
i
å midNi
In the present paper this result is confirmed by other experiments.
1. Introduction
For chemical processes th  law of conservation of energy is written in the following
form:
dU=dQ-PdV+
i
å midNi (1)
2where dQ is the heat of reaction, dU is the change in the internal energy, mi are chemical
potentials and dNi are the changes in the number of moles.
In [1-6] it has been shown that the energy balance in the form of (1) for the biggest part
of the chemical reactions is not correct.  In the biggest part of the chemical reactions the law of
conservation of energy must have the following form:
dU=dQ+PdV+
i
å midNi (2)
In [1-6]  the following method of combining differential equations was used. If there is
an equality df dx dy dz=-
+
-
+
-
+a b g  (a, b and g>0) and one does not know what signs must there
be in front of a, b and g one proceeds as following. Let df<0, if dx<0 then +a. The signs
before b and g are found analogically. Here dQ=dQ1+ 2, dQ1=dU, dQ2=PdV. Of course, if
df dx dy dz=-
+
-
+
-
+a b g  is a pure mathematical object, this method is wrong. But for physical
processes it is always correct. The sense is the following one: one introduces the quantity of
heat dQ in the system and uses for that 100 kg fuel. 80 kg fuel is used for dU and 20 kg is used
for PdV. Another solution s: 120 kg for dU and -20 kg for PdV. It has no physical sense.
If there is no chemical reaction then in (2) 
i
å midNi=0 and dQ=dU=PdV=0. It is
impossible to connect (2) and 5) in the limiting case. Eq. (2) d scribes a chemical phenomenon
but (5) describes a physical phenomenon. Chemical phenomena can not be reduced to physical
ones. Some authors think that 
i
å midNi=0 for any chemical process in equilibrium but it is not
true. Discussion of that will be below.
The Van’t-Hoff equation is the following one:
¶lnK/¶T=DH0/RT2 (3)
where K is the reaction equilibrium constant and DH0 is the enthalpy. According to
thermodynamics, the Van’t-Hoff equation must give the same results as calorimetry because it
3is derived from the 1st and the 2nd law of thermodynamics without simplifications. However,
there is a paradox: the heat of chemical reactions, that of dilution of liquids and that of other
chemical processes measured by calorimetry and by the Van’t-Hoff equation differ significantly
[1-6]. The difference is far beyond the error limits. The reason is that in the derivation of the
Van’t-Hoff equation it is necessary to take into account the law of conservation in the form of
(2), not of (1) [1-6].
If to derive the Van’t-Hoff equation using (2), the result will be the following one:
¶lnK/¶T=DH0*/RT2         (4)
where DH0*=DQ0+PDV0.
The Van’t-Hoff equation (4) was often used for determination of the heat of reaction.
It gives correct results for reactions with DV®0. Therefore, it was assumed that for chemical
reactions
DQ=DH=DU+PDV (5)
However from (1) and (5) it follows
DQ=DQ+å miDNi (6)
This conclusion is absurd: one can not neglect the last term in (6). Some authors [7] suppose
that 
i
å midNi=0 for any chemical process in equilibrium. It is not true because the change in
the Gibbs energy DG0 when reactants turn to the products completely is 
i
å midNi¹0.
Therefore, (3) must no give correct results neither for DV®0 nor for DV¹0. For reactions
with DV¹0, the Van’t-Hoff equation gives wrong results. The present theory explains this
paradox: for chemical processes (4) must be used.
4In the present paper the following processes were investigated: Al2Br6(g)=2AlBr3(g),
AlBr3(l)=AlBr3(g), 2AlBr3(l)= Al2Br6(g), 2V2O5(s)=V4O10(g), 2SnO2(s)=2SnO(g)+O2,
2HgO(g)=2Hg(g)+O2, SiO2(s)=SiO(g)+O, Hg(g)+Te(l)=HgTe(s), 2Hg(g)+Te2(g)=2HgTe(s).
2. Experiments
In [8] the following reaction was considered:
Al2Br6(g)=2AlBr3(g) (7)
lnK=-14077,0/T+147,5 500£T£900K (8)
In [10] the following processes were considered|:
AlBr3(l)= AlBr3(g) (9)
2AlBr3(l)= Al2Br6(g) (10)
The 1st process is a phase transition, the 2 d one is a chemical reaction. Their heats are given
in Table 1. One sees that the heat of evaporation measured by the Van’t-Hoff equation is much
closer to the experiment than the heat of the reaction. Evaporation is a physical process, it
obeys the traditional thermodynamics. The second process obeys the present theory.
In [11, 13-15, 17, 8] the following reactions have been studied:
2V2O5(s)=V4O10(g) [11] (11)
2SnO2(s)=2SnO(g)+O2 [13] (12)
2HgO(g)=2Hg(g)+O2 [14] (13)
SiO2(s)=SiO(g)+O [15] (14)
SiO2(g)=SiO(g)+O [17] (15)
Hg(g)+Te(l)=HgTe(s) [18] (16)
2Hg(g)+Te2(g)=2HgTe(s) [18] (17)
5The heat of these reactions is given in Table 2.
One sees that heats of chemical reactions obey the present theory, not the traditional
one. Heats of physical processes obey traditional thermodynamics.
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8Table 1
The heat of some processes measured by the Van’t-Hoff equation and by calorimetry
Al2Br6(g)=2AlBr3(g) [8]
T, K DH*0 (kJ/mol)
(8)
DH*0-PDV0
(kJ/mol)
DQ (kJ/mol) [9]
500 116,98 112,83 113,32
             600                           116,98                         111,9                          111,76
             700                           116,98                         111,16                         110,17
             800                           116,98                         110,33                        108,57
             900                            116,98                        109,50                          106,95
AlBr3(l)=AlBr3(g) [10]
T, K DH*0 (kJ/mol) DH*0-PDV0
(kJ/mol)
DQ (kJ/mol) [9]
400 85,68 - 86,19
500 82,72 - 81,72
2AlBr3(l)=Al2Br6(g) [10]
T, K DH*0 (kJ/mol) DH*0-PDV0
(kJ/mol)
DQ (kJ/mol) [9]
400 60,06 56,74 57,5
500 53,42 49,27 50,12
9Table 2
The heat of some chemical reactions measured by the Van’t-Hoff equation and by calorimetry
Reaction T, K DH*0
(kJ/mol)
DH*0-PDV0
(kJ/mol)
DQ
(kJ/mol)
2V2O5(s)=V4O10(g) [11] 1300 113,01 [11] 102,21 105,05 [12]
1400 113,01 [11] 101,38 99,35 [12]
2SnO2(s)=2SnO(g)+O2
[13]
1300 1184,1 [13] 1151,7 1151,4 [12]
1400 1184,1 [13] 1149,2 1145,5 [12]
2HgO(g)=2Hg(g)+O2
[14]
500 45,91 [14] 41,76 39,74 [9]
600 45,91 [14] 40,92 39,90 [9]
700 45,91 [14] 40,09 40,05 [9]
800 45,91 [14] 39,26 40,21 [9]
SiO2(s)=SiO(g)+O [15] 1700 1045,0 [15] 1016,8 1022,3 [16]
1800 1045,0 [15] 1015,1 1019,9 [16]
1900 1045,0 [15] 1013,4 1015,3 [16]
SiO2(g)=SiO(g)+O [17] 1700 458,1 [17] 443,97 448,401
1800 458,1 [17] 443,14 444,961
1900 458,1 [17] 442,31 441,441
Hg(g)+Te(l)=HgTe(s)
[18]
800 -113,91 [18] -107,26 -108,30 [9]
900 -113,91 [18] -106,43 -108,16 [9]
2Hg(g)+Te2(g)=
2HgTe(s) [18]
800 -345,49 [18] -325,55 -329,51 [9]
900 -345,49 [18] -323,05 -325,73 [9]
                                         
1 Data for SiO and O are from [16], H(SiO2(g))=H(SiO2(s), [16])+DH(evaporation, [15])
